IN NIOST instances, the diagnosis of angina pectoris can be made with -comparative ease and assurance; however, in a small percentage of cases diagnosis is very difficult. Because of the far reaching prognostic and therapeutic implications of the diagnosis, these latter cases assume an importance far out of proportion to their actual frequency.
The difficulties in diagnosis occur because, up to the present time, objective tests are not available to determine whether attacks of pain are of cardiac origin. Now, as in Heberden's time, the diagnosis rests on the patient's ability to describe his symptoms and the physician's ability to evaluate the patient's description. In practice, difficulties in diagnosis arise from inability to obtain a clear-cut, dependable history, and lack of general agreement or lack of knowledge as to what should be included in the term angina pectoris. It is therefore advisable first to define the terms that are currently used, and to discuss the relationship of angina pectoris to other manifestations of coronary heart disease.
NOMENCLATURE AND INTERRELATIONSHIPS
Angina pectoris is a term applied by Heberden in 17681 to a group of symptoms consisting of short attacks of anterior chest discomfort, usually precipitated by exertion. According to present concepts, these attacks are due to temporary anoxia or ischemia of the myocardium which results when the coronary circulation is inadequate for the needs of the myocardium at that moment. The inadequacy of the circulation generally is due to abnormality of the coronary arteries, usually arteriosclerosis.
Angina pectoris is not a specific disease, but rather a symptom complex that constitutes a clinical entity with a characteristic clinical course. Incapacity for heavy exertion is a universal finding, and sudden death or myocardial infarction are the most common complications.
The terms "angina of effort," "angina decubitus," and "status anginosus" are used frequently but are often more confusing than helpful. They do not imply different types of angina pectoris, but rather different clinical conditions under which attacks may occur.
The frequency with which angina pectoris is associated with coronary artery sclerosis has resulted, unfortunately, in the interchangeable use of the terms "angina pectoris," "coronary artery disease," "arteriosclerotic heart disease," "coronary heart disease," and "coronary insufficiency." These terms are not synonymous; to prevent confusion they should be limited to their original or basic meaning.
Coronary artery disease indicates pathology of the coronary arteries. Arteriosclerosis is most frequently responsible, but other conditions, such as encroachment on coronary arteries by tumors and syphilis, distortion of the aortic valves, certain rare forms of arterial disease such as Buerger's or Raynaud's disease, embolism, and even prolonged hypotension due to shock, may result in poor coronary circulation ( fig. 1 ).
Coronary artery disease does not always result in symptoms or signs of cardiac involvement ( fig. 2 ). For example, the onset of angina pectoris, myocardial infarction, or unexpected cardiac death usually occurs on the basis of pre-existent coronary artery pathology, even though previous examination by electrocardiogram or There is a small but important group of patients in whom angina pectoris is precipitated by thyrotoxicosis, polycytheniia vera, anemia, or abnormal rhythms. It is probable that these patients have underlying coronary arteriosclerosis. The impaired coronary circulation in these patients appears adequate under usual conditions but becomes inadequate for the needs of the heart when the demands are increased by thyrotoxicosis, the supply is decreased by arrhythmias, or the delivery of oxygen is impaired by anemia or polycythemia. 6 In 73 of these patients (67 per cent), the history showed the typical 5 characteristics discussed above. In 63 of these 73, typical attacks were induced and observed during Standardized Exercise Tolerance Tests (described below under Objective Tests). The remaining 10 were apparently in a period of remission of symptoms for, although they had had typical angina in the past, no attacks had been experienced for months.
In the remaining 35 patients (33 per cent) the history was variable and distinctly different from that described above; furthermore, in none of these was it possible to induce angina by exercise under the standardized conditions. In 5 of these patients the pain was gradual in onset; these patients could feel it coming on or developing for hours before the attack developed. In 6 patients the pain was not in the anterior chest but in the abdomen, or in the extremities or in the head. In 23 it was not vague, but very definite in character; 8 described it as "shortness of breath" or "difficulty in breathing;" 7 as "pins and needles," 5 as "sharp" or "knifelike," and 3 as "heartburn" or "throbbing." In 21 it was not precipitated by exertion, but was either constant, or was brought on by deep breathing or occurred only on resting after exercise, or came only after meals or on damp days. In 11 patients the attack was not short in duration, but continued for hours or all day, while in 3 patients the discomfort was momentary only.
The sameness of the history in 73 of these cases and the marked variation of the histories 
Gastrointestinal Complaints
Abdominal angina, if it exists, must be extremely rare. While arteriosclerosis of the mesenteric vessels undoubtedly exists and at times results in thrombosis, the clinical manifestations usually are those of acute abdominal disease, are not repeatedly induced by walking, and are likely to be prolonged.
Pancreatitis similarly may result in pain that is usually more than a few minutes in duration and is not characteristically, repeatedly brought on by normal exertion.
Esophageal disease such as spasm, ulceration, or diverticulosis may result in vague substernal discomfort, but this distress is usually related to food or the act of swallowing rather than to walking. Roentgen studies should establish the diagnosis.
Peptic ulcer is frequently confused with angina pectoris, especially in patients whose symptoms begin after 50 years of age, or in patients who describe their substernal discomfort as "heartburn." Careful history and x-ray studies differentiate the 2 conditions in most instances. There are, however, patients who suffer attacks of angina after eating; in such cases, a history of identical attacks brought on by exertion should establish the diagnosis.
Diaphragmatic hernia, presumably because the same nerve pathways are involved, may have the same localization and the same vague character as angina pectoris. Furthermore, both conditions may be episodic, with complete freedom from symptoms between attacks. The symptoms of diaphragmatic hernia, however, are likely to be precipitated by eating or assuming the recumbent position (rather than by exertion), and are more likely to be associated with other digestive disturbances such as vomiting or hematemesis. X-ray studies usually establish the presence or absence of diaphragmatic hernia, but angina pectoris may coexist.
Gallbladder disease is often confused with angina pectoris. In fact, it has been suggested that the 2 conditions are related and that gallbladder disease may lead to coronary artery disease or myocardial degeneration.
The frequent coexistence of gallbladder disease and angina pectoris can be explained by the fact that both occur in the same age group. Even though the patient may have definite evidence of gallbladder disease, any attacks of vague discomfort in the anterior chest precipitated by exertion and of short duration must be considered to be angina pectoris due to coronary artery disease.
Thoracic Disease
Noncardiac thoracic disease usually can be differentiated readily from angina pectoris. The pain of pleurisy or pleurodynia is usually lancinating and related to respiration. The pain of pulmonary infarction, spontaneous pneumothorax, herpes zoster, or tumors of the chest wall or lungs is usually prolonged and does not occur in repeated identical attacks precipitated by walking.
Cardiac Conditions
Myocardial infarction can be differentiated by its prolonged duration, infrequency, signs of tissue damage, and characteristic electrocardiographic changes.
Coronary failure, may be difficult to differentiate except by careful observation over several days. Actually such episodes may be considered to be prolonged, severe attacks of angina pectoris. In most patients with angina, such episodes are sporadic rather than frequent.
Arrhythmias may be confused with angina pectoris. Premature beats may result in momentary episodes of vague anterior chest discomfort. If the extrasystoles are precipitated by exertion, the problem may be difficult. Careful history taking, however, should indicate that these episodes are less than a second, rather than minutes, in duration and may be described as "something turning over in the chest" or as "skipping." In other instances, observation while the patient is actually experiencing the symptoms will reveal their true nature. Prolonged arrhythmias, especially when the ventricular rate is rapid, may be accompanied by chest pain typical of angina pectoris except that it may occur spontaneously and persist for as long as the rapid rate continues. Diagnosis in these instances is usually not difficult, especially if the patient is observed during a typical attack.
Valvular heart disease, especially aortic valvular disease, may interfere with adequate coronary artery filling and result in angina pectoris. Physical examination usually clarifies the situation. In patients over 50, the coexistence of coronary arteriosclerosis must be considered.
Congestive failure frequently brings about episodes of vague anterior chest discomfort on slight exertion, e.g., mitral stenosis. This is probably due to relative anoxia of the myocardium and is, therefore, similar to angina pectoris, both physiologically and clinically. However, in the absence of coronary arteriosclerosis, this syndrome does not progress to acute myocardial infarction; furthermore, these symptoms are usually overshadowed by other cardiac symptoms and signs of congestive failure.
Dyspnea on exertion, due to early congestive failure, emphysema, asthma, or lack of physical fitness, may be confused with angina pectoris. A careful detailed history clarifies the problem.
Acute pericarditis has been confused with angina pectoris, but the prolonged nature of the pain, fever, signs of inflammation, the characteristic clinical course, and electrocardiogram clarify the situation.
Skeletal System
Spinal lesions, especially arthritis or tumors of the lower cervical or upper thoracic spine, may result in sudden attacks of anterior chest and arm pain, short in duration, and difficult to differentiate from angina pectoris. The pain is usually sharp, and brought on by motion of the head or thorax. Forceful flexion and rotation of the head and neck should be included as part of the physical examination of every patient suspected of having angina pectoris. In some instances the fact that the pain is located in the outer rather than the inner aspect of the arm may be the first clue that the condition is radiculitis rather than angina pectoris.
Bursitis or "shoulder arm syndrome" usually causes no diagnostic difficulty except in patients with recent myocardial infarction. In such cases both the patient and attending physician are likely to be sensitized to the occurrence of any pain in this region and confusion in diagnosis may result. Again the diagnosis is made by observing that the pain is induced by motion of the arm rather than exercise.
Nervous System
Peripheral neuritis is occasionally the diagnosis in patients with angina pectoris, when the twinges of discomfort in the arm overshadow the rest of the picture. Careful ques-tioning will reveal that the arm pain is preceded or followed by pain in the anterior chest and that both are induced by exercise. Conversely, pain in the arm may be called angina pectoris unless a detailed history is obtained.
Psychoneurosis, used in its broadest sense, undoubtedly causes the greatest difficulty in diagnosis. Psychoneurosis is a poor term, for it includes not only patients with cardiac neuroses and patients with overawareness of all symptoms, but also many intelligent, emotionally stable persons who have been educated to the fact that heart disease is the greatest cause of death and incapacity. Such persons naturally want either to recognize the condition in its earliest stages or to be relieved of their justifiable anxiety.
In patients who are obviously neurotic, the question of additional organic illness arises. Although some complaints may be obviously functional, other symptoms may resemble angina pectoris. The problem is often complicated by disability compensation, a language problem, or coexistent gallbladder or gastrointestinal disease.
In this group, an objective test to differentiate between cardiac and noncardiac disease would be of greatest value. Observation of the patient during a typical attack usually helps to settle the diagnosis by enabling the examiner to determine accurately the location, the duration, and the precipitating cause of the symptoms. In clinical practice, however, such opportunities are rare.
In our experience, the diagnosis in this group of patients often is made only after prolonged observation. Reproducibility. Unless there has been a marked change in the patient's clinical condition, i.e., remission or exacerbation of attacks in daily life, typical attacks are invariably induced after comparable amounts of exercise when the conditions of the test are standardized by being performed: (a) in a cold environment, (b) at least 1 hour after a light meal, (c) on a day when the patient has experienced no recent attack, (d) when he has received no medication that might change the exercise tolerance, and (e) after the patient has become accustomed to the test. In fact, the reproducibility of attacks with comparable amounts of exercise under the standardized conditions not only serves to confirm the diagnostic value of the test, but also makes it possible to study the efficacy of treatment.
False Negative Tests. These are extremely rare. As discussed in the section on diagnosis, patients suspected of angina pectoris who failed to develop typical attacks under the standardized condition proved to have symptoms quite different from those characteristic of angina pectoris. No medical test is infallible, and undoubtedly false negative tests must occur. but unless the clinical history indicates a complete clinical remission of symptoms, these errors are very rare. During the past 23 years only 2 have been brought to our attention. One patient was a 40-yearold Polish refugee who had typical attacks whenever he heard of the German invasion of his homeland, but he did not develop attacks in the cold room or on walking through the snow. The other was a man approximately 50 years of age who had several attacks of peculiar discomfort every hour while lying in bed; he did not develop similar attacks on exercise in the cold room, but a typical myocardial infarction occurred within a few weeks after the test.
False Positive Tests. These are also rare, especially if the test is repeated in all doubtful cases, and clinical judgment is exercised. Some difficulty arises in patients with asthma or severe dyspnea, but examination and observation should serve to discover such patients. Undoubtedly a wvell informed deliberate malingerer could confuse the examiner but, to our knowledge, this has not occurred. Safety. In view of the unpredictable course of patients with angina pectoris and the frequency of myocardial infarction, no studies in angina pectoris are completely safe. For this reason the Standardized Exercise Tolerance Test cannot be recommended as a routine office procedure. It has proven to be a useful laboratory technic of direct clinical value in the diagnosis and therapy of angina pectoris. Experience during the past 23 years with over 10,000 tests in many hundreds of patients has resulted in untoward effects on 5 occasions. Two of these occurred during the first 2 years of our experience, during studies of the characteristics, limitations, and criteria of the test. The first patient lost his attacks following total thyroidectomy and was given large amounts of thyroid extract. After return of the basal metabolism to normal, attacks of angina pectoris recurred in daily life, but they were more severe and more frequent than preoperatively. The Standardized Exercise Tolerance Test at this time was followed by a severe attack with death a few minutes later. The second patient complained of generalized weakness and faintness rather than chest pain on exertion. The test was followed by one of his typical attacks of weakness and faintness from which he recovered within a half hour. Since that time the following precautions have been taken: the test is not done in a patient whose history suggests myocardial infarction, either impending or within the preceding 6 months; the test is never p3rformed in a patient who complains of marked weakness or faintness on exertion; the first test in each patient is used to allay apprehension and to accustom the subject to the procedure, i.e., the patient is rarely permitted to perform more than 20 trips. The comparative safety of the test during the past 20 years is undoubtedly due in great measure to these precautions and, considering the nature of the condition, undoubtedly due, in some measure, to good fortune. Two of the 3 untoward effects in the last 20 years were in patients who had been treated with hypotensive drugs (octyl nitrite and reserpine). These patients developed severe hypotension, faintness, and perspiration a few minutes after the completion of the test; recovery was complete in both subjects within a half hour. The third patient developed transient ventricular tachycardia and collapse after 1 of many tests; recovery was complete and prompt.
Indirect Tests These aim to induce electrocardiographic evidence of anoxia in patients whose tracings under normal conditions show no evidence of myocardial disease. Such tests are indirect, because a positive electrocardiographic result does not prove that the patient has cardiac symptoms or will develop cardiac symptoms in the future. Many different test conditions have been employed1 to induce electrocardiographic changes. The "Master's test" currently used'0 has the advantage of simplicity of technic and considerable accumulated experience. Several characteristics of the test limit its usefulness.
Master's Test
The procedure consists of obtaining the 3 standard and 1 apical precordial leads while the patient is at rest. With the electrodes and cable still attached to the subject, but not to the machine, the patient then repeatedly mounts and descends a 2-step staircase 18 inches high. The duration of the exercise is 12-minutes, the number of trips performed in this period of time is prescribed according to the sex, age, and weight of the subject. Immediately after exercise the cable is connected to the machine and short strips of the 4 leads are again obtained.
A positive result is indicated by the development of electrocardiographic evidence of anoxia or ischemia in 1 or more leads; most commonly the changes consist of S-T depression with or without a tendency to T wave inversion. If the test is negative, it can be repeated with the patient performing twice as many trips in twice the time.
Clinical Applicability. This must be considered from several points of view. The 3 standard and 1 apical precordial leads are not most suitable for observing the results. Although changes in rhythm or the duration of P-R or QRS should be evident in any lead, changes in S-T and T are most frequently evident and most striking in the unipolar right arm lead and the apical precordial lead. If a single lead were to be used, as would seem advisable, lead 4R, in which potentials in the right arm and in the apical lead are summated, would be more likely to demonstrate changes than any of the 4 leads currently employed.
4. Theoretic considerations. The tables describing the number of trips to be performed were originally used as a test of myocardial or circulatory efficiency and represent the amount of work that normal subjects could perform in 1½1 minutes with a return of pulse and blood pressure to the resting level within 2 minutes after the cessation of exercise.'7 It is questionable if the amount of work that has proved useful in measuring myocardial efficiency is the same as that necessary to measure coronary sufficiency. In fact, the frequent necessity of doubling the work suggests that the prescribed amount of work has no sound physiologic basis in coronary artery disease.
In the published reports, the criteria distinguishing normal from abnormal responses differ depending on whether one uses as the upper limit of normal the maximum changes observed in normal persons"8 or if one uses the lower limit of abnormal, as changes commonly observed in patients with angina pectoris.'0 If the former is used, a large number of patients with angina pectoris will have negative tests. If the latter is used, it is probable that abnormal results might be obtained in some normal subjects. It 
SUMMARY
The diagnosis and differential diagnosis of angina pectoris depend on obtaining an adequate history. Problems in diagnosis arise because of confusion of terminology, language difficulties, symptoms resembling noncardiac disease or vice versa, and the coexistence of angina pectoris with disease of other organs. Problems in differential diagnosis arise because symptoms resembling angina may result from disease or abnormal function of the brain, skeletal system, gastrointestinal system, or structures in the bony thorax or within the thoracic cage. The most difficult problems in differential diagnosis arise from psychoneurosis and gallbladder disease. Careful history taking will resolve the problem in most instances, prolonged observation will settle the question in others. To date, no objective tests have been adequate to determine whether or not the patient is subject to attacks of pain due to the physiologic effects of coronary artery pathology or dysfunction.
SUMMARIO IN INTERLINGUA
Le diagnose e le diagnose differential de angina de pectore depende del obtention de un historia adequate. Problemas diagnostic se subleva a causa de confusion terminologic, difficultates linguistic, similitude de symptomas in angina de pectore e morbo non-cardiac, e le coexistentia de angina de pectore con morbos de altere organos. Problemas del diagnose differential se subleva proque symptomas de apparentia associabile con angina pote resultar de dysfunction o de morbo del cerebro, del systema skeletal, del systema gastrointestinal, e de structuras in le thorace ossee e intra le cavia thoracic. Le plus difficile problemas del diagnose differential resulta ab psychoneurosis e morbo del vesica biliari. Grande attention prestate al historia del patiente individual va resolver le problema in le majoritate del casos; observationes prolongate va resolver lo in alteres. Al tempore presente il non ha un test objective que es demonstratemente adequate pro determinar si o non le patiente suffre de attaccos de dolor que resulta del effectos physiologic de pathologia del arteria coronari o de dysfunction.
